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J-PARC
J-PARC (Japan Proton Accelerator Research Complex) 

J-PARC
(JAEA & KEK)
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400 MeV LINAC
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3 GeV Rapid Cycling 
Synchrotron

(RCS)
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J-PARC Linac
  Particles: 
  Kinetic Energy: 
  Peak Current: 
  Acceleration Frequency:  
  Pulse Width: 
  Repetition: 

H− (negative hydrogen) 
181 MeV  →  400 MeV at 2013 
Max 30 mA  →  50 mA at 2014 
324 MHz  →  324 MHz + 972 MHz at 2013 
500 µs (Beam), 650 µs (RF) 
25 Hz

IS: H− Ion Source 
RFQ: Radio Frequency Quadrupole Linac 
DTL: Drift Tube Linac (3 cavity modules) 
SDTL: Separate-type Drift Tube Linac (16 cavity modules) 
ACS: Annual Coupled Structure Linac (21 cavity modules)

Required Gradient Stability : ±1% in amplitude, ±1 deg. in phase 
→ digital FB & FF : ±0.3% in amplitude, ±0.3 deg. in phase 
→ Reference Distribution System : ±0.3 deg. in phase

Cavity Type: NC



※ One klystron supplies the RF power to two SDTL cavities. 
※ One high-voltage power supply drives four klystrons. 

Linac RF System



Block diagram of J-PARC Linac LLRF

Basic requirements of J-PARC LINAC LLRF: 
➢ Stabilities of RF field: ±1% in amplitude and ± 1° in phase. 
➢ Auto-tuning of rf cavity. 
➢ Interlock system. 
➢ Operation system with a great convenience, high reliability, and fast response.



Circumference 348.3	m

Injec5on	energy 400	MeV

Extrac5on	energy 3	GeV

Repe55on	rate 25	Hz

Output	beam	power 1	MW

Harmonic	number 2

Tune	(x/y) 6.45/6.42

Transi5on	gamma	(γt) 9.14

Beam	delivary	to	MR	and	MLF	with	25Hz	rapid	cycling
Magnetic	Alloy	loaded	cavity,	high	accelerating	gradient,	conbined	function,,,

High	transition	gamma:	a	missing	bend	structure

H0	Dump	
(4	kW)

from	Linac

1st		arc	
section

2nd		arc	
section

3rd		arc	
section

Beam	
	Collimator

RF

Extraction	
section

Injection	
section

Features

3GeV rapid cycling synchrotron (RCS)



Circumference 1567.5	m

Injec5on	energy 3	GeV

Extrac5on	energy 30	GeV

Repe55on	rate 0.3	Hz

Output	beam	power 0.75	MW

Harmonic	number 9

Tune	(x/y) 22.4/20.8

Transi5on	gamma	(γt) -34.5

deliver	to	two	facilities	w/	low	and	fast	extractions	for	nuclear/particle	physics	
experiments

Magnetic	Alloy	loaded	cavity,	same	as	the	cavities	in	the	RCS,	separated	function

Imaginary	Transition	gamma:	the	missing	bend	structure

Features

Main synchrotron Ring (MR)



※ Wide-band Magnetic Alloy loaded RF cavities. (no tuning 
system provided) 
※ High power amplifier with two tetrodes operated in a pusu-pull 

supplies the RF power to each cavity 
※ Solid-state amplifer uses as an driver amplifer. 

Ring RF Systems

ring frequency (MHz) Anode DC PS Tetrode AMP MA Cavity
RCS (h2/h4) 1.22 - 1.67, 2.44 - 3.34 12 12 12
MR (h9) 1.67 - 1.72 7 7 7
MR (h18) 3.34 - 3.44 2 2 2

Magnetic Alloy (finemet)

Ring core formed by winding ribbon:

large size core is possible

RCS: 85 cm, MR: 80 cm

High gradient:

constant shunt impedance

high curie temperature

lower µQf & Rp, heat must be
removed by proper way, need
strong rf amplifier chain

Wideband / low Q:

can follow frequency sweep
during acceleration without
tuning bias loop, more simple
LLRF

dual harmonic operation is
possible (RCS)

wake voltage is multiharmonic
! discussed in my latter part

Production process of finemet cores.

80 cm finemet cores for MR.

ICFA mini-workchop, F. Tamura LLRF and beam loading cancellation 5

Magnet-Alloy  Core RF cavity (MR)RF cavity(RCS)
9 cavities

h=2: 
 1.227 - 1.671MHz

12 cavities

h=9: 
1.671 - 1.721MHz

h=4: 
 2.454 - 3.342MHz



LLRF for Ring RF Systems

※  LLRF is a full digital system based on DDS. 
※ Functions 

• Reference phase generation 
• Auto voltage control for the fundamental and 2nd harmonic 

RF 
• Beam-phase feedback loop 
• Δr feedback (not used) 
• multi-harmonic feedforward beam loading compensation 



Phys.	Rev.	ST	Accel.	Beams	16,	051002	(2013)
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LLRF for Ring RF Systems
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• The 12MHz Master CLK comes from the central control room (CCR). 
• The 312MHz and 960MHz RF reference are generated by LINAC Master OSC. 
• The 312MHz RF reference signals go through the same lines as the previous system. The 960MHz 

RF reference signal is optically amplified and divided into 16 lines, then furthermore divided into 5; 
one of the five is returned back to the front end for phase monitor.

RF Reference Distribution System
Previous System

Upgrade
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Optical Signals on Distribution System

Optical coupler in the temperature control oven

Installation of the optical cables and 
optical couplers in the insulated duct.

Cooling Water: ±0.1℃ 
Temperature in duct: ±0.2℃

~0.4 ppm/℃



Change of Path

Performance of RF Reference Signals

312 MHz

Previous System

Installation of new OSC

960 MHz

Jitter (10 Hz – 1 MHz) 
  312 MHz : 1700 fsec (0.2 deg.) 
 → 240 fsec　(0.03 deg.) 
 → 41 fsec (0.004 deg.) 
  960 MHz :  
 → 240 fsec  
 → 41 fsec (0.014 deg.) �16
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Digital Control

cPCI

324MHz System 972MHz System

cPCI

RF :  324MHz, LO :  312MHz 
IF : 12MHz, CLK : 48MHz

RF :  972MHz, LO :  960MHz 
IF : 12MHz, CLK : 48MHz

• The 312MHz/960MHz optical signal is received by the RF&CLK module as the phase reference. 
• The 324MHz/972MHz RF signal is generated by a PLL-VCO. 
• The cavity signals are down-converted to 12-MHz IF signals by mixers and sampled by 48-MHz 

ADCs.

 . digital modules of the 324MHz system and the 972MHz system are same.



Improvement of Analog Device
RF&CLK board

using temperature-compensation 
capacitors in the Low-Pass Filter 
(LPF) of the LO output circuits.
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Introducing a temperature-
compensation attenuator into 
the output circuits.
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✓ The inject momentum to RCS drifted with humidity of the klystron gallery. 
✓ In the J-PARC linac, the air conditioning system is not designed for humidity and 

varies from 15% to 65% throughout the year.

Humidity Effect

max. R.H.: 65% 
min. R.H.: 15%

Δp/p
trend of humidity at gallery

0.06%

Inject momentum drift

Summer Shutdown

precision air conditioner 
19” rack

✓ The humidity dependence of some RF modules. 
:Preliminary results (30%-65%): 

• Master OSC: ~1.5 deg.(312MHz), ~4.0 deg.(960MHz) 
• 324MHz RF&CLK board: ~1.0 deg. 
• 972MHz RF&CLK board: ~2.0 deg. 

⇒ larger source of momentum shift

✓ We will install the local precision air conditioner in this summer shutdown 
at MEBT1 :   installing RF reference oscillator 
at SDTL16 section :  downstream of the 324MHz stations 
at MEBT2 B1 section : upstream of 972MHz station
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Motivation
Almost all modules (Linac/Rings) were developed more than ten years ago and have 
been used since the beginning. Very difficulty in the maintenance due to discontinued 
modules and outdated FPGA. And, need more functionalities for higher intensities and 
stability. 

Present Status: 
NIM(analog) + cPCI (digital): Linac RF 

✓ FPGA board: discontinued 
✓ DSP board: discontinued 
✓ CPU board: discontinued, but fungible 

Specialized 9U VME: Ring (RCS&MR) 
✓ FPGA: Xilinx ISE Ver 6.2i 

        VME: Ring (RCS BPM controller) 
✓ DSP: TI Code Composer Studio Ver 2.1 

        VME + NIM: Timing system

We choose “µTCA.4  as next platform!”



• Module made by Mitsubishi Electric TOKKI systems Co.,Ltd 
• EPICS-IOC is running on the LINUX installed on the CPU in the FPGA. 

• In 2008, the development of digital board based on MTCA.0 was started for the aim of 
common use at RF control among SuperKEKB, cERL, and STF in KEK.  

Type2
Type3

• FPGA	(Virtex 5	FX),
• 4 x	16-bit	ADCs	(Max.	130MSPS)
• 4	x	16-bit	DACs
• Digital	I/O

Mitsubishi Electric TOKKI System Co., Ltd.

Type1

• FPGA	(Virtex 5	FX),
• 2 x	14-bit	ADCs	(Max.	400MSPS)
• Digital	I/O

Mitsubishi Electric TOKKI System Co., Ltd.

• 2	FPGAs
(Zynq-7000,	 Spartan	6)
• 14 x	16-bit	ADCs	
• 2	x	16-bit	DACs

• 2	x	SFP
• 1	x	RJ-45
• Digital	I/O

Newly	developed	board	based	on	MTCA.4

Mitsubishi Electric TOKKI System Co., Ltd.

µTCA.4 in KEK

• Type1:used for cav-voltage regulation and cav-tuning 
• Type2: used for RF direct (under) sampling method to  

 monitor the slow (narrow band) phase change.   
• In 2013, the development of the module based on MTCA.4  

for the LLRF system of STF 
• Type3: SFP on the RTM is used to communica



Linac LLRF upgrade
• A new digitizer, instead of the digital boards of cPCI. 
• The AMC board having FPGA, ADC and DAC for DFB and DFF is specialized to 

use the bus of the µTCA.4 standard. 
• On the other hand, the RTM one is temporary. In the 1st stage, the shelf of µTCA.4 

with the bus and the RF backplane will not be utilized an ARM on a Zynq FPGA will 
be used instead of a CPU board. 

A/D-D/A signal processing board of AMC producing by Mitsubishi Electric TOKKI 
Systems Corporataion 

platform: µTCA.4 AMC 
FPGA: Zynq XC7Z045-1FFG900C, QSPI FLASH-ROM 16MB, SD-card Remote Update 
RAM: DDR3-SDRAM 1GB✕2 (PL, PS) 
OS: Xilinx Linux (EPICS-IOC) 
ADC: 8ch 16bit 370MSPS(max.), BW: 800MHz 
DAC: 2ch 16bit 500MSPS 
SFP: 2ports 

→ The µTCA.4 RTM of the J-PARC linac LLRF is produced. 
 (Just level converter. As the 1st step, the analogue modules 
        of cPCI are used.) 



FMC carrier signal processing board producing 
Mitsubishi Electric TOKKI Systems Corporation

platform: mTCA.4 AMC
FPGA: Zynq XC7Z045-1FFG900C,

QSPI FLASH-ROM 16MB,
SD-Card Remote Update

RAM: DDR3-SDRAM 1GB✕2 (PL, PS)
OS: Xilinx Linux (EPICS-IOC)
FMC: High pin count, Low pin count
ADC: 13ch 16bit 370MSPS on FMC card
DAC: 2ch 16bit 500MSPS on FMC card

→ minor change of STF test module

On the test using a mock cavity without beam
• Amplitude Stability: <0.1% (p-p)
• Phase Stability : <0.1 deg. (p-p)
→ one order less than requirements

(amplitude: 1%, Phase: 1deg.)
→ but cannot use RF backplane in the future

(CLK should be inputted from the AMC front)

New schedule:
Test at a 3MeV beam test accelerator facility (IS 
+ RFQ cavity)
9 27 Oct.: test without beam
9 5 Nov.: test with beam

Introduction

Overview of Improvements
for the J-PARC Linac LLRF System

Kenta Futatsukawa, Z. Fang, Y. Fukui, High Energy Accelerator Research Organization (KEK), Tokai, Ibaraki, Japan
S. Mizobata, F. Sato, S. Shinozaki, Japan Atomic Energy Agency (JAEA), Tokai, Ibaraki, Japan

Abstract
In the J-PARC linac, the LLRF system with the digital feedback (DFB) and the digital feedforward (DFF) was adopted for the satisfaction of amplitude and phase stabilities and is was operated 

without serious problems. However, almost all modules of the 324MHz system have been used since the beginning of the J-PARC and are more than ten years into the development. The increase of the 
failure frequency for this system is expected. In addition, it is difficult to maintain it for some discontinued boards of DFB and DFF and the older OS and developing environment of software. Therefore, 
we are starting to study the new LLRF system of the next generation. In the present, we are exploring several possibilities of a new way and investigating each advantage and disadvantage.

In the J-PARC linac, the energy of the injecting beam to RCS was upgraded to 400 MeV by 
the installation of 25 ACS modules in the shutdown of 2013 and the 400-MeV acceleration was 
successfully achieved on January 17th. In addition, the intensity upgrade was down to achieve 
the design power of 1 MW by improving the front-end on the shutdown of 2014.

The LLRF system with the digital feedback (DFB) and the digital feedforward (DFF) was 
adopted for the satisfaction of amplitude and phase stabilities and is was operated without 
serious problems. However, almost all modules of the 324MHz system have been used since the 
beginning of the J-PARC and are more than ten years into the development. The increase of the 
failure frequency for this system is expected. Figure 1: Overview of J-PARC

Figure 2: RF system of the J-PARC 
linac. There are twenty-four 324-MHz 
LLRF stations and twenty-five 972-
MHz stations.

Figure 3: Digital LLRF system using the cPCI boards 
at the J-PARC linac. We are planning to improve the 
digital boards at the 1st step.

Present Status
cPCI board

9 FPGA board: discontinued
9 DSP board: discontinued
9 CPU board: discontinued, but fungible

Development enviloment
9 FPGA: Xilinx ISE Ver 6.2i
9 DSP: TI Code Composer Studio Ver 2.1
9 Host program: Redhat 8.0 gcc compiler Ver 3.2
9 Application: wxPython 2.6

(a) (b)

Figure 4: (a) present LLRF system and (b) new LLRF system under consideration. In 
the present system, all monitored signals and parameter setting commands go through 
LLRF-PLC. But then, a new digitizer has a capability of EPICS-IOC and some 
monitors and commands do not go through LLRF-PLC.

Figure 8: Test-stand for test digitizer.

new digitizer

signal level converter

analog module of cPCI

pulse generator

OSC

LLRF-PLC

(a) (b)

Figure 5: (a) present local control interface and (b) developed local control 
interface.

Figure 6: GUI for Auto-conditioning.

Figure 7: Stabilities of amplitude and phase 
using mock cavity at the test digitizer.

Digitizer prototype under consideration
A/D-D/A signal processing board producing Mitsubishi Electric TOKKI Systems Corporation

platform: mTCA.4 AMC
FPGA: Zynq XC7Z045-1FFG900C, QSPI FLASH-ROM 16MB, SD-Card Remote Update
RAM: DDR3-SDRAM 1GB✕2 (PL, PS)
OS: Xilinx Linux (EPICS-IOC)
ADC: 8ch 16bit 370MSPS(max.), BW: 800MHz
DAC: 2ch 16bit 500MSPS
SFP: 2ports

→ The mTCA.4 RTM of the J-PARC linac LLRF will  be produced.
(just level converter. In the 1st step, analog modules of cPCI are used.)

ex. ADC1,2(mixer(IF:12MHz) + IQ sampling(96MHz CLK)): cavity pick-up
ADC3,4(mixer + IQ sampling): directional coupler(Pf)
ADC5(direct sampling(96MHz CLK)): input of 40W amplifier
ADC6(direct sampling): input of klystron
ADC7(direct sampling): output of klystron
ADC8(direct sampling): neighbor cavity

Figure 9: A new digitizer under consideration. There are four ADCs measuring IF 
signals and four ADCs measuring direct sampling.

Test digitizer (miner change of STF)

Present system:
command: PLC-TP at local & PC at remote → LLRF-PLC → cPCI
monitor: cPCI → LLRF-PLC → PLC-TP for local & PLC for remote

Considering system: new digitizer with EPICS-IOC, PLC ladder → only interlock 
command: PC → digitizer, and PC → PLC(interlock)
monitor: digitizer → PC, and  PLC(interlock) → PC

Installation of a new digitizer
☓ logic in the LLRF-PLC 
ladder
• auto-tuner
• auto-start_up
• auto-conditioning
• quick recovery
• … 
☓ PLC-TP for local control

New system:
¾ auto-tuner: by EPICS record (on development)
¾ auto-start_up: by carbon shell script (almost done)
¾ auto-conditioning: by java program (almost done)
¾ quick recovery: by contact signal & PLC ladder

¾ PLC-TP: small PC + display with touch-panel operation
(on development)

Therefore,  we are developing a new digitizer 
instead of the digital boards of cPCI. In the 1st

stage, a digital board with the platform of mTCA.4 
will be produced. Here the RTM board will be 
temporary but the AMC will become a specialized 
board. The shelf with the bus and the RF 
backplane will not be used and the AMC board 
will be used for the Ethernet LAN connection. In 
the next stage, we would like to develop an analog 
board of a mTCA.4 RTM. 

Current LLRF (cPCI) for LINAC

Replace with MTCA module

LLRF with MTCA.4 digitizer module

μTCA.4 board (Linac)



✓ FY2020:  
➢ Installation: 17 (RFQ, SDTL1~16) 
➢ Production: 

• digitizer box： 3 (for DTL1~3) 
• µRTM, AMC set： 4 (for MEBT1) 
 µRTM： new exploitation using a µTCA.4 shelf 
 → present system: 
  One cPCI shelf was used for one cavity. 
 → future system: 
  One µTCA.4 shelf will be used for several cavities. 
   ex. MEBT1 buncher1, buncher2, chopper1, chopper2 
  In addition, a digitizer for beam monitor will be installed in the same shelf. 

✓ FY2021:  
➢ Installation: 

• digitizer box： 3 (DTL1~3) 
• µTCA.4 system for MEBT1 

one eRTM, four sets of AMC + µRTM 
➢ New exploitation ? (depending on budget): 

• for 972MHz ACS cavities 
→ shorter loop delay 

Schedule for New Digitizer (Linac)

digitizer box: installed in FY2020 
digitizer box: installed in FY2021 
digitizer installed using mTCA.4 shelf in FY2021

324MHz system 972MHz system



RCS/MR LLRF upgrade
• J-PARC synchrotrons use the wide-band MA loaded cavity systems. 

• Beam loading compensation is necessary to achieve the high intensity 
operation. 

• Required Function for LLRF. 
• RF common function: 

• Frequency pattern,  Freq. &Phase FB 
• Vector Sum of Cavity Voltage 

• Cavity Voltage Driver 
• I/Q pattern generation and FB for Cavity 
• multi-harmonic Feedforward for the beam loading compensation 
• multi-harmonic vector rf voltage control is implemented (New) 

• Development status with µTCA.4 
• new LLRF system for RCS 
• longitudinal oscillation FB for MR



• based on the Mitsubishi Electric TOKKI System 
Co.,Ltd.  

• 8 ADC and 2 DAC 
• Analog signal through Zone3 (ClassA1.1) 

Connector 
• PCI-Ex and GbE through Zone1 AMC Connector 
• EPICS-IOC running on embedded Linux on Zync 

FPGA 
• Enables the remote control and the easy 

integration into the current control system.

PL(Programmable Logic)

PS(Processing System)

DDR3-
SDRAM 1GB

DDR3-
SDRAM 1GB
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FLASH16MB
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/USB
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Figure 4: Block Diagram of new A/D, D/A board. 

2.3 MTCA.4 Zone3 ClassA1.1のピンアサイン 

MTCA.4 規格のカードにおける Zone3 推奨コネク
タのピンアサイン Class A1.1は次のとおりである。 

 
Analog signal transmission zone: 
x 10 channel AC-coupled differential input signals 
x 10 channel DC-coupled differential input signals 
x 5 channel DC-coupled differential output signals  

Digital clock signal transmission zone: 
x 6 AC-coupled differential inputs for low-jitter clock 

signals 
User signal transmission zone: 
x 6 LVDS inputs / outputs for user-configuration 
x 3 LVDS outputs with fixed output direction 
x Optional dual high-speed link 
 
私たちの新しい A/D・D/A ボードでは、推奨ピン

アサインの内、AC カップルの差動入力を 8ch、DC
カップルの差動出力を 2ch、ACカップル差動クロッ
ク入力を 1ch、LVDS入出力を 6ch、別途 TCLK出力
を接続した。これは、FPGA の外部ピンリソースの
関係上必要最低限に集約したためである。 

2.4 JESD204B出力の A/D変換デバイスの採用 

A/D・D/A 変換デバイスのサンプリング周波数が
速くなり、パラレル信号ではディジタル入出力のサ
ンプリングクロックとのタイミング調整が難しく
なってきた。そのため米国の標準化団体 JEDEC に
て、パラレルシリアル変換の符号化方式 8B/10B を
利用した伝送方式 JESD204B が策定された。これに
より、8B/10Bデコーダによるクロックデータリカバ

リーでデータサンプリングのタイミングが保証され
る。また、シリアル化により信号線数を削減できる
ことで実装面積を小さくすることができる。 
今回採用した A/D 変換 IC は JESD204B エンコー

ダを使ってディジタルデータを出力する、入力側の
FPGA には JESD204B デコーダをインプリメントし
た。設計期間を短縮するために JESD204B デコーダ
は、Xilinx 製の IP コアを採用したが、ここで少し問
題が発生した。 

Xilinx の開発ツールには従来から使われている
ISEと新しい VIVADOの 2種類があり、それぞれの
ツールに対応したバージョンの IP コアがある。IP
コアを利用した設計では、パラメータ設定用の
Wizard に従い進めていく。ISE 用に比べて新しい
VIVADO 用の IP コアは、設定できる項目が増えて
いた。A/D 変換 IC の JESD204B のパラメータに合
せて、まず使い慣れた ISE で設計を始めた。FPGA
のコンフィグレーションデータを作成して、実機で
動作確認を行ったが、正常に A/D 変換 IC の出力を
FPGA で取り込めなかった。次に、VIVADO 用の IP
コアを使って設計したところ、実機にて正常に取り
込むことができた。 
動作の違いが出た理由を探るために、Wizard 操作

にて自動生成された ISE 用と VIVADO 用のソース
コードを詳しく調べた。FPGA の高速シリアルイン
タフェイスのハードブロックである GTX に与える
動作クロック用の設定が異なっていることが分かっ
た。新しいボードの回路構成を踏まえ ISE 用のソー
ス内の動作クロック用の設定をハンドコーディング
で修正した。その結果、ISE 用の IP コアでも正常に
A/D変換 ICの出力が取り込むことができた。 

されている。現在、前面のディジタル信号用のバッ

クプレーンとは別に、μRTM 用の背面からアクセ

スできる RF バックプレーンの開発が進められてい
る。また、Euro-XFEL などで MTCA.4 を、LLRF な
どへ適用が進められている [11]。 
例えば、LLRF のフィードバック制御システムの

場合、μRTM の基準信号発生モジュールに加速器

のリファレンス信号を入力して、PLL 等で LO 信号
およびサンプリングクロック信号を生成する。これ

らを RF バックプレーン上の配線を使ってダウンコ
ンバータμRTM へ伝送する。ダウンコンバータモ

ジュールではパネル面から入力される各ピックアッ

プからの RF 信号を IF 信号に変換して、Zone3 のコ
ネクタ（ZD コネクタ）を介して伝送され前面の
AMC に実装している A/D 変換回路でデジタイズさ
れる。その後、同じ AMC 上の FPGA で信号処理を
するもしくは、別の CPU-AMC で演算処理をして
D/A 変換したベースバンド IQ 信号を Zone3 経由で
アップコンバータのμRTM へ入力しパネル面から

RF 信号を出力する。そして、アンプを経由してク
ライストロンをドライブする。 

2.2 新しい A/D・D/Aボードの構成 

私たちが開発した新しいボードを Figure 3 に示す。
MTCA.4の広い RTMに RF回路を実装して利用する
ために、DESY が推奨している Zone3 のコネクタピ
ンアサイン「ClassA1.1」を採用した。 
私たちが以前開発した MTCA.4 規格準拠の FMC

キャリアボードと同じ SoC FPGA「Zynq」を採用し
て開発期間の短縮を図った。2つの FMCを実装でき
る機能をなくした代わりに A/D・D/A 変換 IC を直
に実装した。FPGA 内蔵の CPU（ARM Cortex-A9）
で使うワークメモリ（DDR3-SDRAM）は 1GiB であ

り、ブートメディアは、SD Card および QSPI Flash 
ROMを実装した。FPGA内のロジック回路から直接
制御できるメモリ（DDR3-SDRAM）も 1GiB 実装し
た。前面パネルには、離れた場所のユニットと高速
光通信できるように SFP モジュールを 2つ実装した。
バックパネルに接続される AMC コネクタには
Gigabit Ethernetと PCI Express×4用の高速シリアル
インタフェイスを接続した。諸元を Table 1 に、機
能ブロックを Figure 4に示す。 

A/D・D/A ボードの単体性能評価ができるように、
ダウンコンバータや帯域制限フィルタ機能のあるμ
RTM の代わりに、パネル面の同軸コネクタから RF
信号を入力し平衡信号に変換後、Zone3 のコネクタ
に接続する延長ボードを準備した。 
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Table 1: Specifications of New Control Board 

FPGA Zynq  XC7Z045-1FFG900C 

OS Xilinx Linux (EPICS-IOC) 

RAM DDR3-SDRAM 1GiB×2 (PL, PS) 

FPGA Configuration QSPI FLASH-ROM 16MiB, SD Card, Remote Update 

ADC 8ch, 16bit, 370MSPS max., BW 800MHz 

DAC 2ch, 16bit, 500MSPS max. 

Zone1 (AMC Connector) Port[0:1]:1000BASE-BX, Port[4:7]: PCI Express Gen2 

Port[17:20]:M-LVDS, IPMB: IPMI v1.5 support 

Zone3 (ZD connector) Class A1.1(RFin×8ch,DCout×2ch,CLKin×1,DIO×6pair,TCLKout) 

SFP 2ports 

Switch 8bit DIP-switch 

Front Panel LED Hot swap status (blue), Error status (red), Running status (green) 

Size PCIMG MTCA.4 Double-Width Full Size 148.5*28.95*181.5 [mm] 
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• Single MTCA.4 shelf can supports modules for the all the 12 cavities for RCS. 
• Separate modules with functions 

• Common Function and cavity driver.  
• Vector Sum is done by special module (High Speed Serial Com. module) in 

MCH2 slot
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System clk:
• 144 MHz

(existing: 36 MHz)
• generated by clock gen

eRTM, distributed via
DESY-type rf backplane

Modules classi�ed into two
categories:
• Common function

module: frequency
pattern, phase FB, . . .

• Cavity driver: rf gen for
cavities, feedforward
driver

A special module in MCH2
slot:
• High speed serial

communication module,
described later
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new LLRF for RCS

• Shelf and Modules are fabricated 
in FY2018 and under debug for 
the installation during this 
summer.
F. Tamura et.al., Phys. Rev. Accel. Beams 22, 
092001 (2019)



✓ FY2019:  
➢ Installation: 12 LLRF modules for RCS RF systems 

✓ FY2020:  
➢ Developement: 

• LLRF modules for MR RF system 
→ shorter loop delay 

• µTCA.4 system, same as RCS LLRF system 

➢ Manufactoring: 
• for MR RF systems (9+2 systems) 

→ shorter loop delay 
✓ FY2021:  

➢ Complete Manufactoring and Installation: 
for 9 fundamental RF systems 
and 2 second harmonic RF systems

Schedule for New LLRF for Rings



Contents

1. Introduction 
2. RF Reference Distribution System 
3. Digital Feedback System 
4. Humidity Effect 
5. Developing System 
6. Summary



Summary
✓ We introduced the performance and our experience of the LLRF systems 

in J-PARC linac/Ring. 
Linac 
✓ To reduce an RF jitter, Linac master oscillator was modified. 
✓ To stabilize RF signals, the temparature-compensation devices are used in 

the analog module. 
✓ Humidity control becomes more important to stabilize proton momentum 

for RCS. 
New developement 
✓ µTCA based modules are considered as the new LLRF systems for the 

replacement in Linac and Rings(RCS and MR). 
✓ LLRF system for RCS with RTM RF backplane has been tested and their 

installation are on going.


